1. Introduction. - The study of surface electrodynamics for non local media requires some description of the reflection of the quasiparticles (for a metal, the conduction electrons) at the inner face of the surface. The case of ideal specular reflection is comparatively straightforward [1] , but the difficulties increase considerably for non specular scattering [2] . A method for solving the problem in terms of a phenomenological parameter p (0 p 1) has been developed and applied elsewhere for the case of a free surface (semi-infinite medium) [3] . The meaning of p is the statistical fraction of specularly scattered electrons and the method just referred to provides a way of constructing the EM field near the surface region for arbitrary p. Thus the effects of non specular surface scattering is carried over to the calculation of the surface impedance and hence to the physical properties of interest, like reflectivity or surface plasmons. Now, the theory of the optical properties of thin films presents a new question. If the medium is, again, non local, then one may expect in principle that the multiple scattering of the quasiparticles at the two surfaces of the film may affect the situation.
With two surfaces, and consequently two regions of surface-induced inhomogeneity of the EM field, one ought to study how far the two surface effects penetrate and how much coupling there is between the two surfaces. The answer of course will depend strongly on the type of material, film thickness, frequency range and other numerical parameters, but the point requires explicit investigation. Some studies for excitonic materials [4, 5] show that the surface model does influence appreciably the reflectivity of thin films. Thin metal films have received comparatively less attention. The physically more interesting (and difficult) case of P-mode geometry appears to have been studied only for specular scattering [6] . The case of totally diffuse scattering has been studied, but only for S-mode geometry [7, 8] . The purpose of this paper is to study in detail the case of P-mode geometry for metal films and to provide a solution for arbitrary p. This is done in '9 2.
The study of thin films raises another interesting problem. If the film is supported by a substrate of another metal (a case of frequent experimental interest) then the question is whether allowing for the passage of charge current across the interface can modify the situation significantly. This is discussed in § 3, where a formal theory allowing for charge transfer is developed and applied to some numerical examples.
Finally, the problem of differential absorption (power absorbed per unit length) in the film material is discussed in § 4.
The work here described constitutes an extension to the film problems of the model previously used [3] to study free surfaces.
2. A phenomenological theory of non local optical properties of films with non specular scattering.
-
The model is described in figure 1 . The film is contained between the surfaces z = -a and z=0. An electron starts at some z 0. A fraction p of such electrons are specularly reflected. In the method of extended pseudomedia [3] [4] [5] [6] [7] [8] [9] one defines a formal extension of the bounded medium so that the space outside is filled by the same material and has a field which is p times the mirror image, with respect to the surface, of the real field inside the real medium. Reflexion with 4respect to the surface is indicated in figure 1 by the operator S, which conserves the sign of Ex and inverts the sign of Ez. Thus the field at the point -z in the extended pseudomedium is pSE. Figure 1 shows the sequence of fields at the various image points corresponding to the multiple reflections on both faces of the film. The problem is to construct an extended pseudomedium, filling up the entire space, which has an extended pseudofield E' (and likewise for HM changing symmetry into antisymmetry) with the desired behaviour, i.e. the desired relationship to the real E inside, and which is equal to the real field inside the real medium. As shown in [3] this can be achieved with some appropriate distribution of fictitious stimuli which must vanish inside the real medium. The definition of the extended pseudomedium includes the fictitious stimuli at all the surfaces z = na and in all the domains [na, (n + 1) a] and the problem is to find these. In this case we must find an appropriate system so that the extended pseudofield has the following behaviour with -a z 0 and m = 0, ± 1, ± 2,..., while EM(z) = E(z) and HM(z) = H(z) for -a z 0. The dependence on p = (x, y) and t is understood everywhere. It was stressed in [3] This form of E is to be used in (9) which is, in turn, used in (7) . The polarization is then expressed in terms of the dipole parameters Do and D1 and of the six parameters EL,..., E,, which embody all the information contained in the response to the infinite sequence of pseudostimuli (other than surface dipoles). The infinite sequence of unknowns is thus folded into a finite number of parameters. The problem now is to find sufficient equations to determine these. For this one has the field equation which Pf must satisfy inside the real film The position is the following : On inserting (10) on the l.h.s. and (7) through (10) [11] . We give here the full theory and several numerical results aimed at studying the influence of the different physical factors intervening in the problem. The input data are as described in [11] and [10] . We stress that, in particular, in the frequency range of interest wy-1 200. It is easily seen that Al, with a higher plasma frequency (15.5 eV) can be described in this case in terms of a local dielectric function to a good approximation. The interesting non local effects are associated with Ag. As indicated in [11] , Ag is such a difficult case that the approximation of equation (3) (24) it is clear that the first term is the sum of (a) and (b), whence
The second term of (24) is then the sum of (c) and (d) :
The formula for pn(2)( + y) will be given presently, when considering medium 2, figure 3 (a = 0) with figure 1 a of reference [11] (where a = 1) shows that, indeed, the effect of charge transfer is only appreciable for df 13 A.
The same calculation is described in figure 4 but taking, for Ag, fiL (Fig. 1 b  of [11] ) now begins to appear for de 18 A. However, the changes due to the effect of a are quite insignificant [14] . Figure 5 compares, for two values of df, the results obtained with a dielectric function obtained with a fitting to optical data of three different origins [14, 15, 16] . In the case of [16] [10, 11] . [13] ; full line : [12] ; dashed line : [14] . 4 . Differential power absorption in the thin filmWe now turn to a problem in which non specular surface scattering does have much stronger effects. This is the differential power absorption W = ( Re (E.J) )&#x3E; (the brachets indicate time average). This is related to the theory of the internal photoyield [17] . A study of the effects of non specularity for free surfaces (semi-infinite medium) shows that these are quite considerable, both for the photoyield and for the differential power absorption [12] . We study here [12] and it is related to the question of whether or not f3T = 0.
We study the same model system Ag/Al as described above for 1iw = 3.87 eV, in the range of the observed peaks in AR. The empirical construction of the dielectric functions for Ag is based on the original optical data of [14] . The input parameters are as in figures 2, 3, 4 and also as in [11] , with f3L = f3F from now on everywhere. Figure 6 shows the results for df integration and the result is a very small effect, as seen in [11] and here in § 2, 3. Thus the reflectivity measurement is not a promising experiment to detect effects of non specularity. But these are quite appreciable in the internal photoyield with P and S-mode geometries and taking the ratio (details in [12] ) one has an experimental method capable of detecting non specularity effects. The integral of W(z) needed for the photoyield has a weight factor exp( -z/6) corresponding to the escape length of the electrons and this integral does reflect the differences seen in W(z), especially for small b's. This is the case for semi-infinite media [12] Thus with PT i= 0 the main contribution to W, if p = 0, is Wx, which is dominated by the transverse mode r (Fig. 7a) , while for p = 1 nearly all W is W_,, which is dominated by the longitudinal mode L (Fig. 7b) .
Let us now investigate how the situation changes when charge transfer across the Ag/Al interface is allowed. We recall that in this case the analysis has been performed for #T(Ag) = 0. It is instructive to look first at the induced current Jz (Fig. 8) . The curves labelled (1) magnetic field for arbitrary values 0 p 1. This has been applied to study the differential reflectivity of a system consisting of a metal film on a metal substrate for P-mode geometry, using simplified dielectric functions EL(k, D) and sT(k, úJ). The Here we find a small dependence on both non specularity and charge transfer, for "de &#x3E; Re L, but again the conclusion is that a better description of the dielectric response of Ag is of paramount importance.
Having a settled this question we study a different problem, namely, the differential power absorption. This is interesting because it is related on one hand to the reflectivity and on the other hand to the theory of the photoyield, another quantity of experimental interest. The main result is that the effects of non specularity are now much more important. The field configuration changes very little with p and a property like the reflectivity shows very little dependence on p, but the power absorption depends also on the induced current J. The point is that J is the result of a non local response and is therefore evaluated in the form of a non local integral which accumulates the small changes in the field over comparatively large distances. Thus the situation is now different and taking #T = 0 is no longer justified. Thus, apart from the complications of the metal constituting the film, the conclussion is that the reflectivity is rather insensitive to non specularity, but photoyield studies show much greater promise, in line with the suggestions made in reference [18] . ' In particular, the comparison between photoyield results for P-mode and S-mode should provide a fairly good probe.
Finally we study also the effects of charge transfer across the film-substrate interface on the differential power absorption (and implicitly on the photoyield). This depends again on the behaviour of the L mode. We find that charge transfer should have appreciable effects again for df Re L. This means in practice that it should be possible to observe appreciable charge transfer effects (on the photoyield data) by going down to experimentally accessible film thicknesses.
